ABSTRACT • BACKGROUND : Asthma and hyperreac-
tive airway (HRA) disease are a major cause of health resource utilization and poor quality of life worldwide; its prevalence in adults may widely vary according to the definition used. It is mainly a childhood disease, but its natural history till adulthood is not well known. This is due to other confounding factors such as smoking and environmental factors that may lead to misdiagnose asthma as chronic obstructive pulmonary disease. Correct and timely diagnosis of asthma and HRA is important because it can be treated successfully and affected individuals may achieve good control of their disease.
OBJECTIVE : To evaluate the prevalence of asthma and HRA in Lebanese adults, their symptoms and predictors.
METHODS : A cross-sectional study using a multistage cluster sample was carried out in Lebanon, between October 2009 and September 2010. Lebanese residents aged 40 and above participated to the study; a post-bronchodilator spirometry was performed to confirm diagnosis.
RESULTS : Out of 2201 individuals, 218 (9.9%) were considered to have HRA. The following factors were found associated with HRA in the Lebanese population: Northern (ORa: 3.54) and Bekaa Plain (ORa: 2.44)] versus other regions; occupational exposure to toxic gases and fumes (ORa: 2.08); heating home with wood (ORa: 1.75); having a family history of chronic respiratory disease (ORa: 2.19), a history of childhood lung problem (ORa: 5.53), and father smoking during childhood (ORa: 1.47). Added to these factors, HRA was also predicted by female gender (ORa: 1.81); lower education (ORa: 1.20); older age (ORa: 1.28) and low birth weight (ORa: 3.14).
CONCLUSION : This is the first epidemiological study in Lebanon that determined physician diagnosed asthma prevalence and hyperreactive airway disease and their associated factors among Lebanese adults. It also provides useful contributions that local health organizations may use for national programming and a foundation for health researchers to pursue further study in asthma research. Public awareness about the increased risk of asthma associated with heating homes with wood and exposure to passive smoking should be raised; Lebanese policy makers should also generate higher efforts to implement and reinforce the smoking ban law in public places. Keywords 
INTRODUCTION
Asthma is a chronic pulmonary disease considered as a major cause of morbidity and mortality around the world; it is also a major cause of health resource utilization and poor quality of life worldwide; its prevalence in adults may widely vary according to countries, and according to the definition used to determine its presence [1] [2] . Asthma is mainly a childhood disease, but the natural history of asthma till adulthood is not well defined, neither well diagnosed. This is due to other confounding factors such as smoking and environmental factors that may lead to misdiagnose asthma as chronic obstructive pulmonary disease (COPD) [1] [2] .
Many personal and environmental risk factors are associated with asthma. On an individual level, the genetic influence on asthma has been clearly established [3] [4] ; current asthma prevalence seems higher in females (15.1%) when compared to males (11.8%) in a nationwide study performed in the United States [5] . In addition, other factors seem to be involved, such as obesity [6] , low birth weight [7] , lower education and socioeconomic status [8] .
On an environmental exposure level, studies suggest that exposure to outdoor and indoor pollutions are involved in the development and exacerbations of asthma [9] [10] .
According to the GINA guidelines, asthma remains based on a clinical diagnosis of a variable airflow obstruction. The reversible airway obstruction on spirometry after bronchodilator is pathognomonic of asthma without being an exclusive feature of this disease [3] . Thus asthma remains a part of a wider spectrum of bronchial reversible obstruction called hyperrreactive airway (HRA) disease [3] . Correct and timely diagnosis of asthma and HRA is important because it can be treated successfully with new medications and affected individuals are being able to achieve good control of their disease [2] . The current trend in present practice for physician diagnosed asthma is a high index of suspicion based on symptoms and risk factors collected by thorough history and physical exam confirmed in some cases by reversible airway obstruction on spirometry [3] .
In Lebanon, previous studies have focused singularly on childhood asthma [11] . Indeed, the risk factors in the schoolchildren asthmatic population have been well established but were not studied in adults [12] . On the other hand, surveys in real life addressed the compliance, adherence and control of treated asthma in school children across Lebanon [13] and in adults and children [14] . They showed a high proportion of altered quality of life despite availability of treatment and a high proportion of non control of their disease [13] , leading to absence from school and work in the past year reported by 69% of children and 31% of adults, respectively [14] . Moreover, since obesity -linked to cases of refractory asthmaseems to be an emerging problem in Lebanon but studied only in children [15] , and since reports emphasized on the role of outdoor pollution on the respiratory health [16] , the purpose of this epidemiological study is to provide data about the prevalence and correlates of asthma and HRA among Lebanese adults.
METHODS

Study design and population
A cross-sectional study was carried out using a multistage cluster sample all over Lebanon between October 2009 and September 2010, with the objective of evaluating chronic respiratory diseases (asthma, chronic bronchitis, COPD) [17] ; in this manuscript, results pertaining to asthma will only be presented. The study was conducted on Lebanese residents aged 40 years and above, with no exclusion criteria. This age range was chosen to better detect the three diseases and their risk factors overall.
Procedure
From the list of circumscriptions in Lebanon [18] , we randomly selected one hundred villages or circumscriptions. In every selected circumscription, we contacted a representative of local authorities, such as the municipality or the elected notary (mukhtar). After explaining the study objectives and obtaining the authorities' permission, we randomly selected individuals to be interviewed from a provided list of dwelling households (once a household was selected, all its individuals aged 40 years of more were eligible). Thirty selected individuals were then given appointments through the joint effort of the researcher and the local representative to conduct the study.
After an oral informed consent and explanations about the techniques for performing spirometry, subjects had a prebronchodilator spirometry in the presence of a trained technician; the spirometer we used was of the Micro Lab brand (Micro Medical Limited, England); the subject also answered a standardized questionnaire. Later on, a postbronchodilator spirometry was performed using similar methods after the administration of two puffs of bronchodilator Combivent ® (Ipratropium + Albuterol). Spirometry results were taken after insuring a good blowing technique; the best results out of three trials were taken into account. Moreover, the American Thoracic Society questionnaire was used for assessing respiratory symptoms [19] and the Medical Research Council dyspnea scale (MRC) was used to evaluate dyspnea [20] .
Questionnaires were translated into Arabic by an independent translator and checked by investigators; a back translation by another translator was done to ensure lack of discrepancy between English and Arabic versions and was pretested in a pilot sample of 20 individuals for finalization of details. Moreover, questions about weight, height and a diagnosed cardiac problem were also asked. In addition to health questions, data were collected concerning sociodemographic characteristics (age, sex, education, marital status, region of dwelling, etc.), and cigarette and waterpipe smoking history (current, previous or never smokers). Cigarette smoking was defined as smoking more than one pack in a lifetime, while current waterpipe smoking was defined as a positive answer to the question "Do you regularly smoke waterpipe?" and previous waterpipe smoking as a positive answer to the question: "Were you a regular smoker of waterpipe?" Additional methodological details are available in another publication [17] .
Asthma definition
The individuals showing a reversible obstruction on spirometry such as an increase in FEV1 of 12% or more and 200 mL or more after a bronchodilator administration were considered as "airway hyperreactivity"; and those with "physician diagnosed asthma" with or without reversibility on spirometry as confirmed "asthma." [3] . The sum of both was considered as HRA.
Sample size calculation
Results from other studies in the world showed a prevalence of clinical asthma varying between 1 and 30% [21] ; choosing the value of 10% (close to values in the Middle Eastern region), as the worst acceptable result of ± 2% difference with the abovementioned prevalence and a 95% confidence interval, a minimal simple random sample size of n = 865 was required to measure the prevalence of asthma in Lebanon adults. The study design factor was then taken into account by multiplying the sample size by 2, since multistage cluster sampling usually widens the confidence interval: a minimal sample size of 1730 individuals was thus selected to allow for narrowing back the confidence interval. Among 3000 individuals who were approached, a total of 2201 individuals (73.4%) agreed to participate to the study.
Statistical analysis SPSS version 17.0 was used to enter and analyze data.
Weighting was performed according to the numbers published by the Lebanese Ministry of Social affairs and the Central Administration of Statistics in 2007, taking into account gender, age and dwelling region [22] . Cluster effect was taken into account for confidence interval calculation, according to Rumeau-Rouquette and collaborators [23] .
A p-value of 0.05 was considered significant. The Chi 2 test was used for cross tabulation of qualitative variables in bivariate analysis, and prevalence ratios (PR) were calculated. Somers' d test was used to evaluate trends between ordinal variables. A backward stepwise likelihood ratio logistic regression was performed for multivariate analysis, with probable asthma as the dependent variable. Socio-demographic characteristics (region, gender, age class, education, work status, and marital status) and other potential risk factors of asthma such as living actually close to a road full of cars, ever living close to a road full of cars, ever living close to a local power plant, occupational exposure to toxic gases and fumes, heating home procedures (gas, wood, diesel, electricity, centrally and by hot air), low birth weight, chronic lung problem during childhood, mother and father smoking during pregnancy and childhood, active and passive smoking at home and at work were considered as dependent variables. A backward dependent stepwise likelihood ratio method was used to reach the final parsimonious model, removing variables that were the least significantly associated with the dependent variable first. After ensuring the final retained model adequacy by Hosmer-Lemeshow test of adequacy to data, adjusted odds ratios (ORa) were calculated.
Similarly, a logistic regression was also carried out taking bronchial hyperreactivity as a dependent variable. The same independent variables and automatic stepwise backward procedure were also used to reach the final model. * HRA : Hyperreactive airway disease, being the sum of asthmatic patients and those with bronchial hyperreactivity. Individuals showing a reversible obstruction on spirometry (an increase in FEV1 of 12% or more and 200 mL or more after a bronchodilator administration) were considered with "bronchial hyperreactivity"; individuals with "physician diagnosed asthma" with or without reversibility on spirometry were considered with "asthma". In table I, we present the sociodemographic characteristics of HRA individuals, compared with the rest of the population sample: HRA has a lower prevalence in Beirut and Mount Lebanon versus other regions; the majority of clusters were homogeneous with variances below 0.1, and five clusters had variances higher than the total variances for both asthma and HRA.
RESULTS
Socio-demographic characteristics
HRA has a decreasing prevalence with increasing education level (p < 0.001). Moreover, the mean age in the sample was 56.22 (SD: 11.74; Median: 55); age ranged from 40 to 93 years.
Respiratory symptoms and allergies in asthmatic individuals
In individuals with physician diagnosed asthma, chronic respiratory symptoms were reported as follows: 38.3% of chronic cough, 43% of chronic sputum production, 51.4% of wheezing, 32.6% of wheezing with cold episodes. In 45.6% of cases, the cold turns into a lung problem. Moreover, 48.1% have a chronic allergy: 7.7% dermatologic, 26.8% allergic rhinitis, and 23.3% lung symptoms. Twentynine percent declared that there were specific periods of the year where their allergic symptoms exacerbated, mainly upon seasonal change (spring and autumn). On the other hand, 18% of these individuals declared having been absent from work due to respiratory problems in the previous three years, 18.3% declared having been emergently hospitalized at least once due to respiratory problems, 25.5% visited their doctor at least once for respiratory problems, and 14.3% were hospitalized this year at least once for respiratory problems.
Asthma risk factors distribution
In table II, we found that living in a polluted environment (whether at home or at work), having a family history of chronic respiratory disease, being of low birth weight, having had a chronic lung problem during childhood were all associated with higher risk of hyperreactivity and asthma.
As for active and passive smoking history, having at least one smoker at work was the only factor associated with a higher risk of both reversibility and probable asthma (Table III) .
Multivariate analyses
Using the backward stepwise likelihood ratio logistic regression procedure, the following factors were associated with asthma in the Lebanese population (Table IV) (Table IV) . Other potential risk factors were not retained in the final model.
DISCUSSION
This cross-sectional study found a considerable prevalence of asthma and HRA in the Lebanese population. While performed among adults, this study finds almost the same prevalence of asthma as reported in Lebanese children [11] . This finding is pertinent to asthma which starts mainly in childhood and results from host and environmental factors interdependence with no known impact till now of any measure or treatment that could change the natural history of the disease [2] [3] [4] .
In individuals with physician diagnosed asthma, the most frequently reported symptom was wheezing and this is also in alignment of the disease where the wheezing is a typical feature of asthma [2] [3] [4] . Interestingly enough in almost half of the cases, it is reported that the cold turns into a lung problem and this is again a feature of hyperreactive airway disease [2] [3] . Moreover, an atopy was found in almost half of the cases of asthma in our population with typical seasonal (spring and autumn) exacerbations: allergic rhinitis was the most reported association with asthma in our population and this is known as upper and lower airways are commonly the target -concomitantly in some cases -of the same immunologic inflammation [3] . On the other hand, individuals declared having been absent from work due to respiratory problems, hospitalized for respiratory problems, in a percentage that reflects the impact of asthma on quality of life with a burden on economy and health care resources [2] [3] [13] [14] .
Our study also replicated many results found through research done previously on different populations: asthma is more prevalent with decreasing education level [24] , older age [24] and female gender in developing countries [25] [26] . This reflects the impact of poverty and low socioeconomic status on chronic diseases because of lower screening for disease, lower accessibility to treatment and to doctors and lower capacity to cope with the sustained treatments [13, [24] [25] . Many other factors seemed to affect current asthma status, such as having a family history of chronic respiratory disease, low birth weight and chronic lung problems during childhood [7, 24] . This, apart from being a reflection of the asthma pattern evolution, also reflects the host genetic predisposition to develop asthma.
In addition, methods by which people heated their homes were found to affect asthma and HRA status. Heating home with wood increased the odds of asthma, similar to what is found in other studies [10] . Moreover, father smoking during childhood was associated with asthma, similar to what is found in other studies too [26] [27] . This is again an important finding that consolidates the message about the deleterious effect of passive smoking on asthma [1] [2] [3] [4] , knowing indeed that tobacco smoke is classified as a major irritant in asthma and not a causal agent like for COPD [1] [2] [3] [4] 28] . However, personal cigarette or waterpipe smoking were not associated with asthma or reversible obstruction; this may go in parallel with the fact that asthmatics smoke less frequently, and smoking asthmatics either cut down or stop smoking [26] .
We also found correlates unique to the Lebanese population; asthma and HRA disease had a higher prevalence in the Northern and Bekaa regions compared to other regions. This is similar to what was found in previous studies performed by our team on children [29] and adults [30] ; the involved regions are mainly agricultural, with extensive use of pesticides and exposure to other environmental toxicants related to rural life, which may increase the risk of asthma as shown in other studies [31] [32] . Northern and Bekaa regions also include rural areas of frequent status of poverty which may further explain the higher level of asthma versus other regions, since lower socioeconomic status is associated with higher prevalence of asthma [8, 33] . However, since we relied on a cluster sampling method, it is likely that differences in prevalence rates across regions may also reflect cluster sampling variance, particularly since clusters tends to be homogeneous, with high inter-cluster difference in prevalence rates; this remains to be further studied in specifically designed studies.
Furthermore, occupational exposure to toxic gases and fumes was reported as significant risk factors for asthma; this illustrates the classical relationship between some occupations and asthma development in adults [34] . On another hand, although living close to a motorway with busy traffic causes deleterious effects on chronic respiratory symptoms as well as sensitization to outdoor allergens [9] , and although outdoor pollution was shown to cause chronic respiratory symptoms as well as increase inflammation in exposed individuals [15] , our current study did not specifically find a significant association between outdoor pollution and asthma. This may be due to the low number of asthmatics in our cross-sectional study, which may have underpowered our analysis; the pollution indicators may not have been accurate enough to determine actual exposure to pollution during daily activities. Further studies that take these weak points into account are necessary to evaluate this issue.
We are aware that our study may be subject to several biases: a selection bias is possible due to the nature of the selected sample. Although we used weighting procedures to make the sample as representative as possible of the general population in Lebanon, there is still a possibility of a selection bias, because we had no means to evaluate the reasons of refusal; they could lead us to overestimate or underestimate the asthma prevalence. We estimate refusals to be linked to non motivation, illiteracy, or maybe due to chronic diseases that individuals did not want to disclose (cancer or other diseases). However, the low refusal rate we had makes this issue of minor importance. There is also a possibility of an information bias in this study: as in all studies involving questionnaires, relying on individuals reporting for several variables may include a recall bias (for childhood exposures) or subjectivity bias (for symptoms reporting, diagnosed asthma declaration and other reported information in the questionnaire); retrospective collection of information might thus be subject to ascertainment biases. Moreover, the portable spirometer we used may not be as sensitive and specific as the ones that are used in hospitals, which may introduce a classification bias. It would also be important to measure indoor and outdoor pollution which may better assess its association with asthma evaluation in future predictive models. Nevertheless, the methods we used are the ones that are used nowadays all over the world for this kind of studies; in the future, improved methods may help to fine tune the results we attained, but we believe that changes will not be of major importance.
CONCLUSION
This is the first epidemiological study in Lebanon that determined asthma prevalence and HRA and associated factors among Lebanese adults. It provides useful contributions that local health organizations may use for national programming and a foundation for health researchers to pursue further studies on asthma. Public awareness about the increased risk of asthma associated with heating homes with wood and exposure to passive smoking should be raised; Lebanese policy makers should also generate higher efforts to implement and reinforce the smoking ban law in public places.
